Background: The impact of birth weight and obesity in early childhood on obesity in adolescence remains unclear. Objectives: To examine the association of overweight/obesity at age 15 years with birth weight, overweight/obesity in early childhood and overweight/obesity in mothers. Methods: This population-based retrospective cohort study used early childhood and school age health check-up data of 1581 children in Japan, followed-up until age 15 years. Generalized estimation equation analyses were used to investigate the association of overweight/obesity at age 15 years with low/high birth weight, overweight/obesity in 3 years of age and overweight/obesity in mothers. The cutoff points for all variables were defined by international criteria. Results: Of 1581 mother-child pairs, 130 (8.2%) children had low birth weight, while 93 (5.9%) and 167 (10.6%) were overweight/obese at age 3 and 15 years, respectively.
later life, compared either with those weighing ≤4000 g or with the reference group of normal birth weight (between 2500 to 4000 g).
However, no clear difference (increase or decrease) was reported in the prevalence of obesity in children with low birth weight (<2500 g) compared with either birth weight >2500 g or with the reference group of normal birth weight (between 2500 to 4000 g). 6 Recent accumulating evidence suggests that obesity in early childhood is also an important predictor of obesity in adolescence or adulthood. In Norway, overweight or obesity in early childhood was reportedly associated with obesity in adolescence. 8 Furthermore, in Germany, a population-based study of about 50000 participants reported that most of the adolescents with normal weight had normal weight throughout their childhood. 9 They also reported that obesity in adolescence was explained by rapid weight gain between ages 2 and 6 years.
Apart from the above studies, several previous studies also examined the relationship between birth weight or early childhood weight and obesity in later life, and most included subjects who were younger than the cohort in the present study at the time of outcome [10] [11] [12] [13] [14] [15] [16] or were studies with short follow-up periods. 17, 18 Furthermore, only a few studies considered the effects of both birth weight and early childhood weight on obesity among adolescaents. [7] [8] [9] Though previous studies suggested that parental obesity is associated with obesity in children, prenatal factors that may influence overweight and obesity in later life are not well understood among the Asian population. 19 Therefore, the purpose of our study, which included over a thousand mother-child pairs in a 15-year follow-up from birth to adolescence using infancy and school age health check-up data in Japan, was to examine the association of overweight/obesity at age 15 years with birth weight, overweight/obesity in early childhood and prepregnancy overweight/obesity in mothers.
| METHODS

| Design and settings
This population-based retrospective cohort study used the childhood and school health check-up data collected by the Health, Clinic, and Education Information Evaluation Institute. 20 In Japan, health checkup is mandatory during childhood (at 1 month, 3 or 4 months, 6 or 7 months, 18 months and 3 years of age), and annually, for students at school. Children who were included in this study were born in Hofu City between April 2000 and March 2003 and received school health check-up at 15 years of age. Hofu City is a regional city in the western part of the main island of Japan and had a population of approximately 116 000 in March 2019. The detailed Hofu study profile is reported elsewhere. 21 In this study, inclusion criteria were children with available maternal pregnancy information, early health check-ups (including birth information, and information at 18 months and 3 years of age) and school health check-ups (at 15 years of age). Exclusion criteria were children with no information on at least one of the following: maternal pregnancy, early health check-ups and school health check-ups.
The study protocol was approved by the ethics committee of the Kyoto University Graduate School and Faculty of Medicine (R0852).
| Measurements
Maternal pregnancy information was collected by self-administrated questionnaires during early pregnancy. Demographic and lifestyle factors were provided by the mother and included maternal age at birth, height, body weight, job status, history of abortion, birth order of the infant, smoking and alcohol intake. In Japan, health check-up for early childhood are conducted regularly from birth to 3 years of age to measure growth for the age of each child (at 1 month, 3 or 4 months, 6 or 7 months, 18 months and 3 years of age). In these visits, height and body weight were measured by health professionals, and data regarding children physical and mental development are collected. We included information on sex, birth order, birth weight, gestational age at birth, and height and body weight at 18 months and 3 years of age in our analysis. Annual school health check-ups for 15-year-old students are performed once a year in June and includes physical examination conducted by health professionals.
| Exposures
Exposure variables included birth weight and BMI and overweight/ obesity at 18 months and 3 years. Birth weight was categorized according to the World Health Organization's definitions was as <2500 g (low birth weight) and ≥2500 g (normal birth weight). 22 The cutoff of ≥4000 g was considered for high birth weight based on previous evidence. 6 Based on the International Obesity Task Force (IOTF) 23 definition, early childhood overweight is defined as body mass index (BMI) >17.85 for boys and >17.64 for girls at 3 years of age. The IOTF criteria for overweight/obesity include children aged 2 to 18 years. Therefore, we only used BMI at 18 months as exposure for the analyses. BMI was calculated as weight (kg)/height 2 (m 2 ).
Overweight/obesity in mothers was defined as BMI ≥25.
| Outcomes
In our analysis, we considered both overweight and obesity as the outcome, because the number of children with obesity (BMI >28.32 in boys and >29.01 in girls) at age 15 years using IOTF criteria was very small. Hence, according to the IOTF criteria, boys with BMI >23.28 and girls with BMI >23.89 were considered as children with overweight/obese in our study.
| Covariates
Among pregnancy information of mothers and data on children at birth, we included the following potential confounders in our analysis: 
| DISCUSSION
In this population-based longitudinal study of Japanese adolescents, we found an association between overweight/obesity at 3 years with overweight/obesity at age 15 years. Furthermore, prepregnancy overweight/obesity in mothers was also a strong predictor of overweight/ obesity at age 15 years among girls. We did not find any statistically significant association between birth weight and overweight/obesity at age 15 years.
Our study is in accordance with existing evidence showing an association between early childhood BMI and overweight/obesity at age 15 years. A large-scale population-based study in Germany showed that 90% of children who were obese at age 3 years remained overweight or obese in adolescence. 9 The results of our study further supports the results of this study, and we observed that the association was strong with overweight/obesity at age 3 years. On the other F I G U R E 1 Plots of BMI at 18 months and three years of age with BMI at age 15 years. In the above graph, the two-way linear prediction with 95% confidence interval of the mean is shown. The shaded area corresponds to the 95% confidence interval of the mean. BMI: body mass index hand, Evensen et al. reported that BMI in early childhood (2-5 and 5-7 years) is associated with overweight/obesity at 15-20 years of age and that the effect of overweight/obesity at 5-7 years of age is stronger than that in earlier life. 8 This suggests that BMI in early childhood (around 5 to 7 years) may be more predictive of obesity in adolescence. However, the sample sizes of the previous study and the present one were not large enough to conclusively prove the association between obesity in early life and obesity in adolescence; therefore, further studies that include a longer follow-up and larger sample size are needed.
Previous studies suggested that obesity among parents is associated with obesity in children. 11, 15, 16, 19, 25 Among those reports, a large scaled meta-analysis, using individual data of prospective birth cohort in Europe and North America, reported that BMI of mothers is an important predictor of obesity in adolescence, rather than other pregnancy complications such as prenatal diabetes. 25 Additionally, one study in Norway reported that girls were at a higher risk of the effect of obesity in mothers; however, the age reported for their study outcome was 7 years. 16 Our study further showed that overweight/obesity in mothers before pregnancy was also a strong predictor of overweight/obesity at age 15 years among girls only. Though it is reported that obesity-related behaviours, such as eating behaviour and physical activity, are shared by children and their mothers, 26 this may be explained by the evidence that girls are more influenced genetically by their mothers or by the environment, including the mothers' diet. 27 Based on our results, birth weight was not a predictor of overweight/obesity at age 15 years. Despite OR of 1.54 for low birth weight and 2.06 for high birth weight we did not observe any significant associations between birthweight and obesity/overweight in adolescence. Our results are similar to a previous Danish study, which showed that compared with birth weight of 3000 to 3500 g, the risk of overweight between 6 and 13 years increased consistently with higher birth weight. 7 Barker et al hypothesized that foetal undernutrition was associated with an increased likelihood of cardiovascular complications in adulthood, 28 which is backed by some evidence. 29, 30 However, the effect of birth weight on obesity in adolescence may be modest, whereas the influence of BMI in early childhood may be stronger. 8, 9 In summary, low birth weight itself may not explain the obesity in adolescence, and weight gain in early childhood is more important but it could be modified.
In Japan, obesity during childhood has increased due to the westernization of diet and lifestyle, becoming one of the public health problems. However, Japanese population-based data indicated that the mean birth weight in Japan has been declining gradually, contrary to the trend in developed countries. These are suggested because of mothers being underweight or having inadequate gestational weight gain. 31 In year 2000, the mean birth weight was 3004 g in boys and 2960 g in girls according to the national data, which was about 200 g less than the national mean in 1980. 32 Furthermore, Takemoto et al reported an increase in the prevalence of low birth weight infants from 4.5% in 1979 to 8.3% in 2010. 33 On the other hand, the national prevalence for underweight women between 25 and 29 years of age was 23.7% between 1996 and 2000. 34 Although based on the results of this present study, a direct association between low birth weight and increased obesity in adolescence may not have been established, attention should be focused on postnatal feeding. Parents' feeding practices are important for the nutrition and eating behaviour of their children, 35 and early childhood may be a critical period for establishing eating behavior. 36 Therefore, accurate instruction or intervention may be important in children under the age of 3 years, who might be at a risk for obesity.
| Strengths and limitations
The strengths of this study include the population-based design, long- There are several limitations to our study. First, we used the cutoff values of the IOTF criteria to determine overweight/obesity index.
Brann et al reported that the IOTF criteria were less sensitive compared with the WHO classification and the Swedish body mass index cutoffs, 37 while Komiya et al showed these criteria to be more sensitive than the Rohrer index and BMI 95th percentile cutoff for BMI. 38 The performance of IOTF criteria may depend on the references or ethnicity. If the IOTF criteria are more sensitive, but less specific than other obesity cutoff values, there might have been an overestimation of overweight/obesity in our study. Moreover, we only considered two-time points (at 18 months and age 3 years) in measuring BMI.
Our study did not consider adiposity rebound, where BMI begins to increase from its nadir around 6 years of age, and which has been reported to predict obesity in later life. 39, 40 Furthermore, BMI itself might not be a suitable criterion in early childhood, a period characterized by rapid growth. The accuracy of other body fat indices such as youth triponderal mass index, which was introduced to estimate the fat level in young children, has not been confirmed. 41, 42 Secondly, the study outcome was obesity at age 15 years only, and did not include diabetes or other cardiovascular outcomes in adulthood, which would have required a much longer follow-up period. Further studies, with a longer follow-up to include information on cardiovascular events in adulthood, are also needed. Thirdly, we did not fully adjust for all confounding factors that are associated with obesity in adolescence. In addition to diet and exercise, paternal factors and other environmental factors may be important in obesity in adolescence. 43 Furthermore, though siblings share the genetic background and environment, and the effect of these factors among siblings should be adjusted for, we could not include sibling information in our analysis. Fourth, there may be selection bias in our study because the subjects were from one city in Japan and the follow-up rate of our subjects was not high, which may lead to limited external validity. Furthermore, though our cohort included over a thousand children, our sample size may have been insufficient; thus, the generalizability of the results is unclear.
| CONCLUSION
Our study showed associations between overweight/obesity at age 3 years and overweight/obesity at age 15 years. Furthermore, prepregnancy overweight/obesity in mothers was also a strong predictor of overweight/obesity at age 15 years among girls. Lifestyle factors, including eating habits, are not fully developed in early childhood and can be modified. It may be necessary to intervene on overweight/obesity in early childhood, to prevent obesity in adolescence.
